This study was carried out to isolate and identify pathogenic microorganisms associated with deterioration of tomato fruits. Fruit samples of infected and non-infected tomatoes were collected from two open markets, Oja-Oba and Sabo in Osogbo, Nigeria. Each of the tomato was cut and the liquid content inoculated on nutrient agar and potato dextrose agar, incubated at 37 0 C and 25 0 C, respectively, and observed from 24 hours to 5 days, after which different colonies obtained were identified using slide culture technique. Two bacteria, Staphylococcus aureus and Bacillus spp, as well as two fungi Aspergillus flavus and Rhizopus stolonifer were observed in the tomato samples in both markets. Prevalence indices revealed that isolated pathogens is higher at Sabo market than Oja-Oba market. Pathogenicity tests also revealed that both of bacteria and fungi caused fruit decay. Consumers' awareness on potential health hazards of consuming relatively cheaper and pathogen contaminated spoilt fruits should be intensified.
Introduction
Food spoilage refers to several changes which make the food to be toxic and less palatable to consumers, and these could be associated with alterations in appearance, texture, taste or smell [1] . Tomato (Solanum lycopersicum L.) is the third most cultivated and world widely grown vegetable crop. The household consumption is on high increase worldwide. Tomato is of juicy flesh endocarp belonging to the fruit class, berry. Naturally, it is very rich in vitamins, minerals, dietary fibre and protein [2] . Tomato fruits are not only food but as medicine, nutrient supplement, flavoring ingredient, detoxificant and human system cleanser [3] . The microbial deterioration on tomato fruits causes reduction in market values and nutritional qualities, and at times rendered the fruits non-fit for consumption. This is due to contaminations with mycotoxins (naturally occurring toxic chemical usually of aromatic structure) that produces aflatoxins in human, following inhalation or ingestion and so resulting to food poisoning [4] . In the developing countries at the open markets, tomato fruits are often displayed in baskets and on benches for the prospective customers, thereby exposing them to opportunistic microbial infections especially mycotoxins [5] . Microbial fruit infections could occur during crop cultivation, harvesting, post-harvest handling at processing, storage, transportation and packaging and distribution (loading and offloading) at various channels and selling outlets of which bacteria and fungi are prevalence [6, 7, 8] . Adequate microbiological information and handling processes of the fruits could minimize wastage. Tomato fruit being succulent with about 80% water content, low pH, highly rich nutrients elements and sugars, served as suitable medium for microbial growth [9, 4,] . Research has also revealed that post-harvest loss of fruits due to microbial infections in Nigeria ranges between 50% and 90% [10, 11] . In view of the foregoing, there is need to isolate and identify microbes associated with tomato fruits spoilage with the view to proffering suitable solutions of controlling them before reaching the final consumers, to safeguard human health. The objective of this study therefore focused on isolation and identification of pathogenic microorganisms associated with tomato fruit spoilage in Osogbo, Osun State, Nigeria.
Materials and methods

Collection of samples
Materials used for this study included ripened healthy and decayed tomato fruits collected from two open markets (Oja-Oba and Sabo) in Osogbo, Osun State, South-Western Nigeria in 15 th January 2011. The healthy tomato fruits were undamaged, fresh and firm, while the decayed fruits were rotten. The fruits were separately packaged, labeled and carefully transported immediately to Fountain University Microbiology Laboratory for microbial analyses. The healthy fruits were preserved from insects and dust at room temperature for 14 days to experience a natural spoilage.
Isolation of microbes
The powered nutrient agar of 28g was dissolved in 1 litre of deionized water, allowed to soak for 10 minutes and then sterilized by autoclaving for 15 minutes at 121 0 C. It was thereafter cooled and then poured into petri dishes. Potato dextrose agar of 39g was also dissolved in 1 litre of distilled water and boiled to dissolve the medium completely before sterilizing with autoclave at 121 0 C for 15 minutes. The pH of the sample was adjusted to 3.5, after adding 10ml of lactic acid solution, to facilitate microbial growth. The medium was thereafter cooled to 55 0 C and poured into petri dishes. The fruits were then rinsed with distilled water and serially diluted in 10 folds. The highest three dilutions were considered for microbial counts. The liquid content of each of the tomato cut was inoculated on nutrient agar and potato dextrose agar, incubated at 37 0 C and 25 0 C respectively and observed for 24 hours for 5 days, after which the different isolates were characterized using the slide culture technique. Microscopic examination was carried out after gram staining the bacteria isolates, while Lactophenol blue staining was carried out on fungi isolates [12] .
Results and discussion
Fresh vegetable fruits including tomato have natural protective cover (epidermal layer) that effectively guide against most pathogenic microbes and plant spoilage. This protection however could be hindered and the fruits may be contaminated during field cultivation, harvesting, post-harvest handling and distribution [13] . Phenotypic characterization of isolated pathogens (Table 1) revealed that both bacteria (Staphylococcus aureus and Bacillus spp,) and fungi (Aspergillus flavus and Rhizopus stolonifer) were responsible for tomato fruits spoilage. Rhizopus stolonifer had highest number of isolates from healthy and decayed tomato fruits with 37.4% and 28.8% isolates, respectively, while Bacillus spp had least number of isolates from healthy and spoilt samples with 11.2% and 21.9% isolates, respectively, across the two markets. This observation was also similar to many researchers that fungi were the major source of tomato fruit spoilage than bacteria [14, 15, 2] . It is also reported that the isolation of soil bacteria, Bacillus subtilis, from tomato fruits, was an evidence of opportunistic contamination from human activity [2] . Some earlier researcher also suggested that occurrence of Aspergillus spp. (which are carcinogenic) in water might pose a serious health hazard to consumers as the microbes could be absorbed into the fruits through osmotic potential [16] . Table 2 reports pathogenicity of tomato fruits during the ten days deterioration processes, with fungi isolates recording higher magnitude compared with bacteria. Fungal pathogens, Rhizopus stolonifer and Aspergillus flavus had fast growth rate on the infected the tomato fruits, causing soft rot spoilage with necrotic patches on the surface of the fruits, two days of culturing. Bacteria pathogens, Staphylococcus aureus and Bacillus spp. on the other hand were recorded slow growth at the early days of culturing till the fourth day, after which the symptoms of fruit colour change appeared on the fruit skins, and followed by wrinkled textures. The occurrence of Staphylococcus Aureus in tomato fruits contamination has been reported to be associated with faecal matters through inadequate human handling processes [17] . [13, 18, 19, 2] . The discoloration associated with bacterial infection on tomato fruits had been reported earlier by [20] Similar report was observed in sweet orange fruits damage from [21, 22] . Furthermore, Rhizopus stolonifer which possibly caused the most rapid rot on stored tomato fruits in Nigeria observed by [23] . Figure 1 indicates that spoilt tomato fruit samples collected from Sabo market had higher number of isolates (86 isolates) than Oja-Oba (46 isolates). This indicated that tomato fruits sold at Sabo market had higher cases of microbial infections, than those sold at Oja-Oba in Osogbo. It was also observed that tomato sellers and retailers at Sabo market did not maintain proper sanitary and hygienic practices in the market, which probably enhanced microbial contamination of fruits, while Oja-Oba market showed better sanitation condition that could lessen the microbial deteriorations of fruits. 
Conclusion
Tomato fruits were more susceptible to fungal attack than bacteria damage, and Rhizopus stolonifer appeared to be the most active of all pathogens associated with tomato fruit spoilage. Therefore the general public should be enlightened on the potential health hazards bedevilling consumption of relatively cheaper ripen-spoilt tomato fruits, as these may be the mediators in food borne fungal and bacterial diseases. Market wastes and refuse should also be properly disposed of at designated sites to reduce microbial contaminations. Precautionary measures of preservation and handling processes of fruits such as proper sanitary conditions, treatment with antimicrobial agents (chlorinated water) and refrigeration are necessary not only in reducing microbial toxins deleterious to human health, but also enhanced the fruits' shelf-life.
